Injection into a cyclotron, in order to prevent emittance and phase spread dilution, requires proper couplings in the matching. One must first introduce a AV/r' associated with an r/AW coupling (through simplectic conditions) ; according to the angle of the accelerating dees and the choice of harmonic number the(r,r') acceptance may also have to be tilted. All these effects are investigated in the case of the GANIL SSC's. At extraction corresponding correlations exist. For a resonant system, extraction may be difficult when the energy spread is large because of the large coupling induced by resonance. A precessional extraction which has been studied might in this case be more efficient. Other ways for making extraction easier are also considered. Moreover a new method of phase compression at injection into the SSC is presently under study at GANIL.
1. Introduction GANIL is a complex cyclotron system made of two SSC's in cascade following a small compact injector cyclotron. Its purpose is to accelerate all ions from an energy of 10 MeV/A for very heavy ions up to 100 MeV/A for light ones. Emphasis is put on beam quality to be delivered from that installation and to the intensity produced.
Maximizing intensity leads to accept as much emittance and phase spread as possible; furthermore because flat-topping will not be available, at least at the beginning of operation, extreme care must be taken not to let these emittance and phase spread increase above the intrinsic limits. In order to do so, matching problems have been devoted a particular attention at injection into the SSC's but extraction also deserves consideration.
2. Matching into a cyclotron [A1] .[A2J DWo being the energy gain of the non-displaced particle.
Let us consider a 4 SSC with two dees in opposite valleys and look at the orbits in a dee free valley.
(a) Note that the parameter A we introduce here corresponds to one dee and not to one turn.
Various matrix or geometric treatments can be used to compute the evolution of a particle along one turn.Let us just give an approximate description assuming vr=l. Along one turn, an initial displacement 1 in the dee free valley is transformed in r in the first dee; according to (10) it only gives a displacement r(1 -A) after the first dee and -r(1 -A)2 after the second one with respect to the equilibrium orbit moving itself by rA and rA2 respectively after one and two dees.
Similarly an initial displacement r gives -1 at the first dee which, refering to (1) angle that means the value of k. Curves 3 of figure 2 show the beam behaviour with all correlations established as well as possible ; hopefully, beam behaviour remains good in a rather large range around the ideal values and correlations do not need to be established with a great accuracy. 4 . Extraction The internal beam presents before extraction the correlations described before ; then extraction and subsequent transport systems should take them into account in order to deliver achromatic beams.
When resonant extraction is used, it should be noticed that the coefficient of the (AW/W,r) and (r',') correlations have been multiplied by the same factor the turn separation has been. This is one of the difficulties of this type of extraction where the contribution of energy spread to the beam width is increased in proportion of turn separation and only pure betatron contribution is not affected. The beam behaviour is illustrated on figure 4 in the case of the GANIL "CSS2".
Conclusion
Proper matching at injection into an SSC including various coupling effects avoids phase space dilution, permits large acceptance and reduces energy spread to a strict minimum. These effects strongly depend on the harmonic number and on the relative energy gain, the larger h and DWo/Wo, the larger the effects.
In the absence of flat-topping, the energy spread may still be quite large when bunches are not short enough and we have shown how to extract the beam in this case. However, small energy spread may be necessary for other reasons and anyway ease the extraction problems. If one does not accept to reduce intensity by cutting the bunches (for instance by probes inside the SSC 141 there are possibilities to compress the phase by a voltage ramp [51 at beginning of acceleration. Moreover, we have recently found at GANIL that a slight departure from the isochronism law by means of a small field gradient on the first few turns may produce a very significant reduction of phase spread. The possibility of using this encouraging result is presently under study in conjunction with all its implications on injection matching and ejection problems.
